Although predator-prey cycles can be easily predicted with mathematical models it is only since recently that oscillations observed in a chemostat predator-prey (rotifer-algal) experiment offer an interesting workbench for testing model soundness. These new observations have highlighted the limitations of the conventional modelling approach in correctly reproducing some unexpected characteristics of the cycles. Simulations are improved when changes in algal community structure, resulting from natural selection operating on an assemblage of algal clones differing in competitive ability and defence against rotifer predation, is considered in multi-prey models. This approach, however, leads to extra complexity in terms of state variables and parameters. We show here that multi-prey models with one predator can be effectively approximated with a simpler (only a few differential equations) model derived in the context of adaptive dynamics and obtained with a moment-based approximation. The moment-based approximation has been already discussed in the literature but mostly in a theoretical context, therefore we focus on the strength of this approach in downscaling model complexity by relating it
Introduction

1
Plankton ecosystem modelling is a fundamental tool for understanding the bio- 
12
"Do we understand the ecology of PFTs well enough to build up model com-13 plexity?" was asking Anderson (2005) in his thought-provocative paper. In our to change their properties to better fit the prevailing forcing at a certain time 30 (Jørgensen, 1992) . In other words, models using fixed parameters cannot ac-31 count for changes in community structure or adaptation. In principle, there 32 is no justification for setting fixed the competitive abilities (associated for in-33 stance to nutrient affinity, 1/K N , in a Michaelis-Menten type of growth) of 34 algal communities. It is more likely that these competitive abilities change in 35 response to varying environmental conditions. It is since long that attempts 36 are being made to address these issues. The approach of considering zooplank-37 ton feeding preferences (Fasham et al., 1990 ) was probably one of the first to 38 introduce some sort of "flexibility" in the model systems. Other prominent 39 strategies are represented by the structural dynamic modelling (Jørgensen, 
61
The temporal evolution of a community consisting of n plankton functional 62 groups or species may of course be simulated by accounting for the dynamics 63 of each separately. A trait-based approach can then help to constrain the char-64 acteristics (parameters) of each species. With trade-offs governing interspecific differences, a realistic representation of community behavior is obtained by let- we will present a self-consistent methodological framework for deriving trait-77 based models of aggregate group behaviour.
78
The new methodological framework consists of three steps:
79
(1) derive a mechanistic trade-off from resource-allocation principles;
80
(2) consider a full model for a community of n components subject to the We will illustrate the adaptive behaviour of the community (in the tempo-85 ral evolution of mean trait and trait variance) under changing environmental 86 conditions.
87
Our model will describe a chemostat system comprising a nutrient resource, clones have to be specified in order to take into account evolutionary trade-139 offs, then the number of model equations would raise to n+2 (n algal clones, 140 1 nutrient and 1 rotifer), thus leading to a higher degree of complexity.
141
In order to design a more general model framework we will derive in the follow- The term "mechanistic" relates to the idea that a natural process can be 158 explained in purely physical or deterministic terms. The derivation of our 
which will be the single trait varying between algal clones. The investments in nutrient harvesting biomass can now be written as α = 1 -κ -ϕ −1 . In a similar 182 fashion, the effective nutrient affinity of an algal clone i is assumed to be pro-
183
portional to the relative amount of nutrient harvesting biomass of that clone.
184
Then, the effective half-saturation constant for Michaelis-Menten nutrient up-185 take will be
whereK N is a constant parameter. We note here that there is a lower bound-187 ary for ϕ. In fact, if α = 0 (the extreme case in which all investments go into 188 defensive mechanisms) then the minimum that ϕ can reach is (1 -κ) −1 . There-
190
In Figure sense that it is derived based on a typical resource-predator-prey system.
196
In summary, n competing clones are specified in terms of their defensive traits,
197
(or edibility, ϕ), this leads to a multi-clone model comprising n+2 differential 198 equations (see Appendix A.1 for more details).
199
To illustrate how our trade-off works, we present an example in which a com- (the fittest) with edibility trait value around 12 outcompete all the others.
212
To maintain generality, we ascribe more importance to the relative value of 213 edibility rather than to its absolute value. Therefore, an edibility index vary- 
222
In Figure 4 we present the time evolution of all variables represented in the 223 model (nitrogen, rotifer and 40 algal clones) for two particular simulations:
224 one producing an equilibrium (panels a-c) and the other producing limit cy-225 cles (panels d-f). The parameter configuration producing the equilibrium is 226 the same as for run in Figure 3 and is reported in the average edibility trait (φ) and the edibility trait variance (v), which is a 251 measure of clone diversity.
252
The rate of change of the total clonal generic biomass is written as
with r(φ) denoting the generic biomass-specific growth rate of an algal clone 254 (equation A.7). The rate of changes of the average edibility trait is written as
An analogous equation for the rate of change of the trait variance can be
We tested the accuracy of the approximation by running the multi-clone model 
261
Both models were parameterised using the same parameter set (Table 1) .
262
The comparison between the results obtained with the two models are shown 
gregate approximation for the variance performs remarkably well ( Figure 5 ).
271
The mean absolute error in the standard deviation is 1. by increasing the rotifer maximum growth rate, confirming that also increas- costs in order to avoid that the system 'adapts' toward unrealistic trait values.
314
With the exception of a few resource allocation-based studies ( 
with K N i representing the effective nutrient half-saturation (equation 3).
361
The mortality rate is denoted by m C . All biomass lost through mortality is 362 assumed to re-enter the nutrient pool.
363
The effective prey availability as experienced by the rotifer is the sum of the 364 populations of all algal clones, weighed according to their edibility,
The total rate of algae consumption by rotifers is modelled with a Michaelis-
366
Menten functional response, dependent on the effective prey availability,
with B denoting rotifer biomass, µ B denoting the maximum rotifer growth which is assumed to be refractory and leave the chemostat through dilution.
373
Given the total rate of algal generic biomass consumption, the relative loss 374 rate of a single algal clone due to predation equals
The full set of n+2 differential equations is then written as follows: and predator density reflect changes in total algal biomass C/κ.
381
The net growth rate of the multi-clone population with edibility ϕ i , in units 
This technique for aggregation has been described in detail by Wirtz and 
399
The time derivate of the total biomass equals
which may be rewritten as
We now Taylor-expand the specific growth rate around the mean trait value,
and insert this in A.15,
After rearranging, we obtain
In the second summation we may recognize the j th central moment of the 407 edibility in the algal community, i.e.:
noting that M 0 = 1, M 1 = 0 and M 2 = v. Inserting A.19 in A.18 and writing 409 out only the first three terms, we obtain
Likewise, equations for the dynamics of the mean and variance can be derived and validate the simple normal moment closure in the present study.
436
Given the normal moment closure, the dynamics of the total biomass, mean 437 and variance are finally approximated by
Equations for nutrient and rotifer complete the new model: Algal maximum growth rate
Rotifer maximum growth rate
Algal mortality 
